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The European Groundwater Directive could be improved by limiting tlie scopes of tine 
Annexes I and II to the manmade and natural substances, respectively, and by defining a 
common monitoring protocol. The changes in the European landuse patterns, in particular 
the urban sprawl phenomena, obscure the distinction between the point and diffuse 
sources of contamination. In the future more importance will be given to the household 
contamination. Moreover, the agricultural environment could be used for developing new 
conceptual models related to the pharmaceuticals. 
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INTRODUCTION 

Groundwater is a source of fresh water for human consump- 
tion, irrigation and ecosystem needs, and its protection is a key 
environmental objective. Its pollution by anthropogenic activi- 
ties is a threat to human health and wellbeing and to dependent 
ecosystems. The European Union has promoted several direc- 
tives for protecting groundwater from pollution and deterioration 
(Quevauviller, 2006): the Water Framework Directive (WFD, 
2000/60/EC), the Groundwater Directive (GWD, 2006/1 18/EC), 
the Nitrates Directive (91/676/EEC), the Landfill Directive 
(99/31/EC) and the Directive on Environmental Quality 
Standards in the Field of Water Policy (EQSD, 2008/105/EC), 
recently amended by Directive 2013/39/EU. 

The Water Framework Directive (WFD), and in particular 
the related Groundwater Directive on the protection of ground- 
water against pollution and deterioration, establish criteria for: 
(1) the assessment of good chemical status (2) the identification 
and reversal of environmentally significant pollutant trends; (3) 
preventing or limiting inputs of pollutants into groundwater. 

In 2009, the EU funded a 5 year project named GENESIS 
(VII Framework Programme). The project, coordinated by the 
Norwegian Institute for Agricultural and Environmental Research 
(Bioforsk), involved 25 partners from 17 countries. The objective 
of the GENESIS was to integrate pre-existing and new scientific 
knowledge into the development of methods, concepts, and tools 
for better management of groundwater resources. One of the 
project's main tasks was to provide suggestions for the revision 
of the Groundwater Directive. 



During the project experts with various background have been 
working together to develop the approach of a better integrated 
groundwater system management. Impacts of land use and cli- 
mate change have been integrated with the conceptual models of 
groundwater systems emphasizing on the role of Groundwater 
Dependent Ecosystems (GDEs). Achievement of this goal has 
been possible by twining expertise and knowledge gained from 
case studies on different hydrogeological, land use, and socio- 
economic settings. As an outcome a range of methods has been 
presented for the future management of aquifers. 

In July 2013, the European Commission opened a public con- 
sultation to provide input to the first review of the Directive 
Annexes. This consultation was intended for stakeholders, experts 
and practitioners in public authorities involved or interested in 
the implementation of the GWD. The expertise gained during 
the course of the GENESIS project implementation allowed for 
providing input to two of the four topics identified by the pub- 
lic consultation, in particular on updating the list of substances 
regulated at EU and national levels. The project addressed also 
the knowledge gaps related to the occurrence and risk assessment 
for different groundwater contaminants, including the emerging 
contaminants. 

DISCUSSION 

THE ANNEX I SHOULD INCLUDE THE MANMADE SUBSTANCES AND 
THE ANNEX II THE NATURAL ONES 

Annex I of the GWD contains Europe-wide environmental qual- 
ity standards (EQS) for two types of pollutants: nitrates and 
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active substances and relevant metabolites in pesticides. Annex 
II contains a minimum list of pollutants and indicators to be 
provided by Member States for the establishment of threshold val- 
ues and identifies information on those pollutants and indicators 
which have been indicated as contributing to the characterization 
of bodies or groups of bodies of groundwater as being at risk. 
Article 10 of the GWD obliges the Commission to review Annexes 
I and II of the Directive every 6 years and to come forward with 
legislative proposals, if appropriate. 

The Annex I set the EQSs according to the regulations being 
ain force at that time; in particular the nitrate standard was estab- 
lished based on epidemiological studies (WHO, 2011) and the 
pesticides standard took into account the detection limit of the 
analytical equipment available at the beginning of the 90 s. 

For naturally occurring substances the variability of the 
groundwater systems across the EU does not allow for the deter- 
mination of common threshold values for the whole European 
territory, similarly like for nitrates and pesticides, which are 
regarded as substances of anthropogenic origin. For the natu- 
rally occurring substances, threshold values are based on the 
determination of the natural groundwater quality expressed as 
Natural Background Levels (NBLs). However, NBLs are highly 
variable depending on the geological environmental (e.g., karstic 
aquifers, presence of geothermal fields, mineral deposits, etc) and 
the location of the aquifer (e.g., coastal aquifers). Additionally, the 
existence of pristine areas where NBLs can be estimated is ques- 
tionable. For these reasons the substances that require the NBL 
assessment are reported in Annex II. 

In the Annex II list two man made substances are reported 
(Tetrachloroethylene and Trichloroethylene), probably because 
these substances were considered as originating from the point 
and not the diffuse contamination sources. In our opinion the 
scope of the Annex I should be limited to manmade substances 
for which it is possible to establish EQS and the Annex II should 
be reserved for the substances that require assessing of the NBLs. 

A COMMON MONITORING PROTOCOL IS REQUIRED 

In 2010, the European Commission reviewed the threshold values 
established by Member States (European Commission, 2010a). 
Up to date, threshold values (TVs) have been reported across EU 
for 158 poUutants/indicators, either synthetic or naturally occur- 
ring (European Commission, 2009, 2010a). The range of values 
and the methodologies used show great diversity across Member 
States. Moreover for some pollutants/indicators included in the 
Annex II not all Member States (MS) have established the TVs 
(Table 1). Thus, those propositions cannot be considered as com- 
parable and consistent. For this reason a unique methodology for 
TVs assessment should be proposed by the EU and adopted by 
Member States. Based on the type of substances the methodol- 
ogy should account for different geological settings resulting in 
different NBLs in groundwaters, and the various Environmental 
Quality Standards (EQS) which are set taking into account the 
various receptors (aquatic or terrestrial ecosystem or "groundwa- 
ter itself") and the various legitimate uses of groundwater. The 
methodology should also call for a common monitoring pro- 
tocol across EU member states, in order maximize reliability of 
monitoring results. 



Table 1 | Number of member states (MS) that have established 
threshold values (TV) for the substances included in annex II of the 



GWD (European Commission, 2010a). 

Pollutants/indicators Number of MS (EU27) 

that established TV 

Ammonium 20 

Ammonium (as nitrogen) 2 

Arsenic 21 

Cadmium 19 

Cliloride 22 

Conductivity 14 

Lead 20 

IVlercury 18 

Sulphate 21 

Sum of Trichloroethylene and Tetrachloroethylene 10 

Tetrachloroethylene 10 

Trichloroethylene 10 



THE DISTINCTION BETWEEN THE POINT AND DIFFUSE SOURCE OF 
CONTAMINATION IS QUESTIONABLE 

The inclusion of contaminants coming from household or from 
industrial drivers in the Annex I is subjected to intense criticism 
on the basis that they are the point sources. However, there is a 
strong evidence that the aquifers contaminated by industrial and 
household urban contaminants at European scale can no longer 
be considered as affected only by point-type sources because the 
urban areas become intermixed with agricultural and natural 
areas, as a consequence of the effects of urban sprawl; and a high 
number and density of potential sources of pollution and already 
polluted hotspots, gives to this type of contamination a "diffuse 
source" pattern and no more a "point source" one. 

More than a quarter of the European territory is nowadays 
directly affected by urban land use (European Environmental 
Agency, 2006); urban areas are becoming the typical landscape 
of many parts of Europe or, at least, the typical landscape of 
areas inhabited by the majority of Europeans. The urban sprawl 
is advancing at a very high rate and the urban areas in 2013 
are much more extended all around the continent, with respect 
to 2000, when the Water Framework Directive was adopted. 
Urban sprawl can be considered as one of the most signifi- 
cant land-use transformation affecting Europe and is now rightly 
regarded as one of the major challenges facing urban Europe 
today (European Environmental Agency, 2006). In 2006, in the 
same year when the Groundwater Directive was adopted, the 
Environmental European Agency reported that the urban-area 
expansion rate of several eastern and western European coun- 
tries had increased by over three times with respect to the growth 
rate of their population. Many recently sprawled zones are located 
in alluvial and/or coastal areas or within mountainous and/or 
foothill basins, frequently i the recharge areas of the aquifers his- 
torically used for drinking water supply. In some cases, these areas 
are inside or close to protection areas of wells or springs. 

In the Northern Italy, one of the most populated area in Europe 
characterized by a typical mixed urban-agricultural landscape, 
Scalenghe et al. (2011) studied the influence of 150 years of 
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land use on anthropogenic and natural carbon stocks in EmUia- 
Romagna region, that represents 16% of the 71,000 km^ of the Po 
River watershed. At the present time it is home to about 18 million 
inhabitants, with an average population density of 300 people / 
km^. This region produces 40% of the Italian gross domestic 
product, one-third of the national industrial and arable produc- 
tion and has half of the Italian animal husbandry. The Human 
Footprint, which globally is 28, in this area scores higher than 50 
(Sanderson et al., 2003). Scalenghe et al. (2011) used the amount 
of carbon contained in concrete as an indicator of urbanization 
demonstrating that it has increased in their study area from about 
2.5 Tg in the 1954 to 7.8 Tg in 2003. The maps produced in their 
study show that urban areas constitute a diffuse point source. 
The Corine Land Cover (CLC2000) reports that artificial sur- 
faces cover 6% of the basin area. The river Po management plan 
(Autorita di bacino del fiume Po, 2010) shows that in the Po 
valley 1.3 waste water treatment plants per 100 km^ and 4.6 indus- 
trial point discharges per 100 km^ are present. Above the aquifer 
the density of industrial discharges rises to 6.8. This change in 
the land use causes the increase of non-point sources defined as 
improperly managed construction sites (Frumkin, 2002), former 
contaminated industrial sites under remediation (Callender and 
Rice, 2000; Van Metre and Mahler, 2010) and the sewage system 
network that is worldwide known as one of the most impor- 
tant source of contamination in urban areas (Nolan et al., 2002; 
Masetti et al., 2007). The new residential areas are also entering 
on peripheral pre-contaminated sites associated with industrial 
activities or landfills (Nijenhuis et al., 2013). 

THE DPSIR FRAMEWORK REQUIRES BEHER CHARACTERIZATION OF 
THE HOUSEHOLD CONTAMINATION 

The European Union identified the Driver, Pressure, State, 
Impact, Response (DPSIR) framework as the analytical frame- 
work for reaching the goal of achieving good groundwater status 
(European Commission, 2003). DPSIR has been used for identi- 
fying impacts and pressures on groundwater resources in order to 
attain the goal of good status across Europe. Under this approach, 
a "Driver" is an anthropogenic activity that can affect the environ- 
ment; a "Pressure" is the direct effect of a Driver; and an "Impact" 
is the environmental effect of a Pressure. "State" is the environ- 
mental condition resulting from the Pressure and 'Responses' are 
the measures taken to improve the State. DPSIR coupled with 
the groundwater characteristics has been used to develop con- 
ceptual models and to establish local monitoring programmes. 
Conceptual models are a means of describing and optionally 
quantifying systems, processes and their interactions (European 
Commission, 2010b) and are developed to different incremental 
degrees of complexity. 

The Common Implementation Strategy identified households, 
industry, agriculture, forestry, mines and quarries, dump and 
storage sites, water abstraction and flow enhancement as the 
Drivers that can affect the status of groundwater. 

The analysis of the pollutants and of the indicators within 
DPSIR reveals that pressures coming from agriculture are mon- 
itored by at least three classes of compounds (trace elements, 
pesticides, and nutrients). Contaminants coming from house- 
holds and industry are represented in Annex II only by trace 



elements and by two substances belonging to crude oil contam- 
inants. The new amended Groundwater Directive should require 
the monitoring of more indicators representative of industrial and 
household contamination. Annex 1 should include at least an 
indicator representative of the Industry Driver and an indicator 
representative of Household driver. 

TETRACHLOROETHYLENE AND TRICHLOROETHYLENE CAN BE 
CANDIDATE INDICATORS OF THE URBAN SPRAWL 

Urban sprawl phenomenon is a source of new groundwater pol- 
lutants coming from industrial and domestic sources: chemicals 
not previously included in national or international monitor- 
ing programmes (Reemtsma et al, 2008), and contaminants 
that have long occupied attention, are gaining new notoriety 
with the discovery of new aspects of their occurrence, fate or 
effects (Daughton, 2004). All those substances are labeled as 
emerging pollutants and they encompass antiseptics; abuse drugs, 
antioxidants; corrosion inhibitors, fragrances, insect repellents, 
flame retardants, gas propellants, plasticizers, pharmaceuticals, 
solvents, stain repellents, sterols, stimulants, sunscreens and 
surfactants (Balderacchi et al., 2013; Fatta-Kassinos and Michael, 
2013). 

Among those Emerging Contaminants, Tetrachloroethylene 
or Perchloroethylene (PCE) and Trichloroethylene (TCE) can be 
considered an excellent indicators of the groundwater pollution 
by multi-source diffuse type urban pollution because their envi- 
ronmental behavior and toxicity have been thoroughly studied. 
We suggest removing those compound from annex II and includ- 
ing them in the EQS list of the improved annex I for three 
reasons: 

Chlorinated solvents, like PCE and TCE, are the most prevalent 
organic contaminants found in groundwater (Stroo et al., 2003) 

Chlorinated aliphatic solvents are a large family of compounds 
that are widely used in several industries all over Europe. Due to 
improper use and disposal practices, these solvents (mainly PCE 
and TCE) are common organic contaminants of soil and ground- 
water (Kao and Lei, 2000; Rivett and Feenstra, 2005). They have 
a peculiar ability to infiltrate rapidly into the subsurface, causing 
soil and groundwater pollution (Kueper et al., 2003; Cortes et al., 
20 11). There are several thousand of PCE and TCE impacted sites 
throughout North America, continental Europe and other indus- 
trialized areas of the world (Hunkeler and Aravena, 2000; Kueper 
et al, 2003; Parker et al, 2003; Cortes et al., 201 1). Many of these 
sites are affected by releases of DNAPL that took place since the 
first half of the 20th century (Kueper et al, 2003). 

PCE and TCE have features that favor their persistence and a real 
diffusion in groundwater 

They are typically mobile and recalcitrant (Guilbeaut et al., 
2005; Rivett and Feenstra, 2005) and they originate, at the 
source, as immiscible liquids: at many PCE and TCE spill sites, 
residual amounts of these compounds persist in a pure liquid 
phase, commonly referred to as dense non-aqueous-phase liquids 
(DNAPLs), within pore spaces or fractures (U.S. EPA., 1992; 
Feenstra et al, 1996; Kao and Lei, 2000). Ground water flowing 
through the DNAPL zones dissolves them, generating plumes that 
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commonly achieve exceptionally large sizes (Schwille, 1984, 1988; 
Mackay and Cherry, 1989). PCE and TCE may decompose into 
even more hazardous pollutants. Where the unfavorable envi- 
ronmental conditions occur, the persistence of these compounds 
in the hydrogeological system can lead to reductive microbial 
dechlorination of PCE and TCE to dichloroethene (DCE) isomers 
and vinyl chloride (VC) (Vogel and McCarty, 1985; Barrio-Lage 
et al, 1987), which are well known carcinogenic compounds. 
Moreoer, they can cross low permeability geological layers that 
do not act as protective barriers as they do for groundwater. 
Solvent DNAPLs can penetrate into or through most types of 
aquitards, even those with very low bulk hydraulic conduc- 
tivity, due to naturaly occurring preferential pathways (Parker 
et al., 2004). Resultingly, not only phreatic aquifers but also 
the confined ones are highly vulnerable toward PCE and TCE 
contamination. They can closely interact with low-permeability 
deposits, especially those having a significant organic matter con- 
tent, where they can be trapped and subsequently released into 
the aquifers (Chapman et al., 2012) in such a manner that these 
deposits become a econdary source of pollution persisting for 
times estimated at up to hundreds of years (Chapman and Parker, 
2005). Consequently, low permeability deposits can release to 
groundwater significant amounts of pollutants resulting through 
such back diffusion in their dangerous concentrations, (Parker 
et al, 2004). The occurrence and the persistence of these pro- 
cesses corroborate the opinion that they should be considered as 
representative of non-point pollution sources too. Remediation of 
these pollutants can be very difficult to conduct. Experience from 
the past 20 years has demonstrated that DNAPL sites are difficult 
to investigate and challenging to remediate. Interest in strategies 
for source removal has increased since the mid-1990s. Innovative 
technologies were developed and marketed to overcome the per- 
ceived technical impracticability of source treatment (Kueper 
et al., 2003).Therefore, given that it is often not possible to locate 
and remove the residual PCE and TCE, remediation should focus 
on preventing further migration of dissolved contamination (Kao 
and Lei, 2000). 

PCE and TCE have been detected as ubiquitous in extensive areas 
of European aquifers 

Many urban areas all around Europe observe a widespread pat- 
tern of PCE and TCE occurrence in groundwater Very often 
plumes, coming from single point-sources, intermingle and coa- 
lesce between each other revealing a diffuse pattern of pollution. 
Chlorinated solvents typically cause a persistent environmental 
contamination, which, in most cases, started decades ago (Cortes 
etal, 2011). 

In their studies in the UK, Longstaff et al. (1992) found that 
low-level contamination is often widespread, with "hotspots" 
of higher concentrations. "Hotspots" of higher level groundwa- 
ter contamination are often associated with sites where solvents 
were used, although obvious sources of solvent contamination 
could not be found for all "hotspots." Moreover, several stud- 
ies from over the whole Europe report cases in which PCE and 
TCE contamination is widespread on a large area, even if it orig- 
inated from point sources (Italy: Cavellero et al., 1985; CNIC, 
2010; Nijenhuis et al, 2013; Netherlands: Zoetmann et al, 1981; 



Germany: McCann and Appleton, 1993; Spain: Cortes et al, 
2011; UK: Rivett et al, 1990). A recent investigation, conducted 
in Campania region nearby Naples (Southern Italy), has put 
in evidence that, inside a mainly agricultural-used land, due to 
the occurrence of multi-sources illegal dumps, PCE is the most 
widespread contaminant (CNIC, 2010). 

SHOULD WE CONSIDER OTHER EMERGING SUBSTANCES? 

Until now, water quality legislation has not systematically dealt 
with emerging pollutants for several reasons, including a lack of 
knowledge on contaminant sources and pathways, the proper- 
ties and effects of substances and analytical detection techniques. 
Recently, scientific interest is given to organics waste water con- 
taminants (OWCs), which are all the substances that reach waste 
water treatment plant, from veterinary antibiotics to industrial 
contaminants. Critical opinions against the monitoring of other 
emerging pollutants arise because of the high cost of the moni- 
toring and the poor knowledge about those substances. However 
the study of those "emerging substances" is required for the 
progress of the science and for giving to the citizen a more 
safe environment. Because of this safety demand and the lack 
of conceptual models for emerging pollutants in groundwater, 
policy-makers and scientists are cooperating for the creation 
of an initial groundwater emerging pollutant priority list. The 
directive 2013/39/EU introduces a watch list of substances that 
will be completed in 2014 and that now includes Diclofenac, 
17-beta-estradiol and 17-alpha-ethinylestradiol. 

The classification of emerging pollutants according to the 
source of contamination or the toxicity is effective and pragmatic 
but does not consider the interaction of the substances with the 
soil that in the case of groundwater contamination is crucial and 
therefore the development of the conceptual model is expected. 
The selection of those substances has to be carried out considering 
two main drivers pressures: 

1. The diffuse contamination coming from the agriculture driver. 
In this case, the hydrogeological conceptual models are already 
available and therefore biogeochemical models can be devel- 
oped easily. Veterinary pharmaceuticals are good candidates 
for the inclusion in the monitoring plans because they are 
pharmaceuticals widely used: Kools et al. (2008) estimated 
that more than 5000 t of antibiotics and 5 t of hormones 
are employed in the European meat production. The sub- 
stances are generally known and not patented because they 
have been on the market since long time. They contami- 
nate the manure and slurry and are distributed during the 
agricultural production assuming diffuse contamination path. 

2. The quasi "point source" contamination coming from house- 
hold. In view of the scarce knowledge of the contamination 
pathways, the first attempts wiU have to focus on simpli- 
fied pathways: from households to WWTPs to rivers and 
to groundwater; from biosolids and graywater to soils and 
groundwater. It is also required to collect information on 
monitoring point construction details, hydrological settings, 
aquifer type, understanding of recharge sources and patterns, 
local groundwater flow patterns and regimes, abstraction 
impacts, residence times and groundwater age distributions 
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(European Commission, 2007). Environmental tracers can 
provide valuable information on natural attenuation of dis- 
solved organic contaminants in groundwater systems. Isotope 
tracers constitute an important and widely used tool in studies 
on the environmental fate of biodegradable organic contam- 
inants (Hunkeler et al, 2008; Aelion et al, 2009), provid- 
ing evidence for and insights into mechanisms of microbial 
decomposition. 

CONCLUSIONS 

Nowadays more than a quarter of the European territory has been 
directly affected by urban land use and the changes in the society 
and in particular the urban sprawl phenomena is also changing 
the current conceptual models based on the DPSIR framework. 
The scientific progress is providing evidence, that contamination 
pathways, previosuly linked to point sourcesare now considered 
as originating from diffuse sources. New environmental quality 
standards have to be defined in addition to nitrates and pesticides 
for protecting the groundwater quality at the European scale. PCE 
and TCE are increasingly destined to be considered as indicators 
of a widespread source of contamination, rather than a point- 
source phenomenon and therefore they can be candidate to be 
the best indicator of the groundwater pollution by multi-source 
diffuse type urban pollution of groundwater. 

Other emerging pollutants are attracting the interest of sci- 
entists and policy makers. The monitoring of those substances 
is a necessary step in the creation of conceptual models for the 
improvement of the DPIRS framework. The veterinarian pharma- 
ceuticals framed within the driver agriculture and the pressures 
associated to this driver can be an excellent starting point because 
diffuse contamination agricultural conceptual models are already 
developed and these models can help to understand the behavior 
of pharmaceuticals into the environment. 
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